Abstract: Dissolved organic matter (DOM) plays a very important role in the dynamics of different biogeochemical processes in the global marine carbon cycle. Seasonal variations of DOM were investigated using dissolved organic carbon (DOC), absorption spectroscopy, and fluorescence excitation emission matrix-parallel factor analysis (EEM-PARAFAC) in Niushan Island in the East China Sea, off southeast Zhejiang, in winter, spring, and summer 2017. A strong positive correlation between temperature and salinity was observed in winter, whereas negative correlations were obtained in spring and summer. The results suggest that the water in the study area originates from the Changjiang River water coinciding with the direction of winds in winter. On the other hand, the Taiwan Strait water flows northward on the eastern part of the study area in summer and spring. The DOC concentration showed significant seasonal variations and was much lower in summer than in winter, but largely independent of the temperature, degree of absorption and intensity of the fluorescence component. Three tryptophan-like components (C1, C2 and C4) and one humic-like component were identified by the PARAFAC model in winter, while two tryptophan-like components (C1 and C2) and two humic-like components were illustrated in summer. The seasonal variations of DOC concentrations and intensities of the fluorescence components in the study area from winter to summer suggest that the waters in this area were influenced mainly by mixing water of the Changjiang River and the Taiwan Strait. A strongly linear relationship was found between the nutrient and the fluorescence intensities of different components in winter, reflecting the profound impacts of the dynamics of DOM on nutrient cycling.
Introduction
DOM is a huge organic reservoir on the earth and plays many important roles in the dynamics of different biogeochemical processes in the global carbon cycle [1] . It has been extensively investigated regarding its composition, structure, source, sink and the migration process in the aquatic environments [2, 3] . DOM can directly affect nutrient cycling [4] , the toxicity of organic pollutants [5] , the solubility of heavy metals [6] and the aquatic ecosystem [5, 7] , and also indirectly influence the atmospheric CO 2 level and global climate change [8, 9] . It is well known that DOM is a complex mixture of natural organic compounds found in various kinds of water bodies including rivers, lakes, glaciers, and oceans [10] [11] [12] . 
Materials and Methods

Sample Collection and Pretreatment
Water samples were taken during three cruises. Due to the strong winter wind, it is difficult to collect the samples from the bottom (3 m above the sea bed). Therefore, only the surface water samples of 24 stations were collected on 13-15 January 2017 (2 m beneath the sea surface) (Figure 1B For the analysis of CDOM and DOC, the first group of parallel samples were filtered through Whatman glass fiber filters (GF/F 0.7 µm, precombusted at 450 • C for 6 h with Muffle furnace to remove all organic matters) and then kept in 60 mL brown glass bottles under a low temperature (<0 • C) before use. Brown glass bottles were soaked in HCl (1:5) and washed with Milli-Q water, and also precombusted at 450 • C for 6 h by Muffle furnace before use. In order to analyze the concentrations of nutrients, the other group of duplicate seawater samples were filtered through 0.45 µm cellulose acetate membranes and refrigerated in Nalgene bottles until they were tested. The temperature and salinity were obtained in situ using a CTD profiler (XR-620, RBR Ltd., Kanata, ON, Canada).
DOC and Nutrient Measurements
The total organic carbon analyzer (Shimadzu TOC-L CPH/CPN) was used to measure the concentrations of DOC by means of high-temperature catalytic oxidation (~680 • C). In order to remove the inorganic carbon from the sample, excess hydrochloric acid was added. Five different concentrations of potassium hydrogen phthalate were prepared for standard curve and every sample was measured at least twice with a coefficient of variation <2%.
The concentrations of nutrients were analyzed using AutoAnalyzer3 (SEAL) based on the procedure described by Strickland and Parsons [37] for NO 3 − and NO 2 − by the standard pink azo dye spectrophotometric method [38] , for PO 4 3− and SiO 3 2− using the standard phospho-molybdenum blue and silicon molybdenum blue spectrophotometric procedures [39] . Standard references were provided by Second Institute of Oceanography of SOA, China.
UV-vis Measurements and Fluorescence Analysis
Absorption spectra of CDOM at 200-800 nm was obtained from Thermo Evolution 300 UV-VIS in 5-cm quartz cells with Milli-Q water as a reference. The absorbance of each sample was corrected by subtracting the mean absorbance from 700 to 800 nm. The absorption coefficient (a λ ) was obtained from the equation
where λ was the wavelength and L was the cell length in meter. The values of a 280 was used to represent the CDOM level. The EEM spectra was measured by an F-7000 fluorescence spectrometer (Hitachi High Technologies, Tokyo, Japan) with excitation wavelengths of 200-450 nm (5 nm intervals) and emission wavelengths of 250-550 nm (2 nm intervals). The scanning rate was set to 12,000 min −1 . Meanwhile, Milli-Q water was used as a blank control to remove Water Raman scatter peaks.
Three fluorescence-derived indices (fluorescence index (FI), biological index (BIX) and humification index (HIX)) were calculated using the EEMs obtained from the fluorescence analysis [40] [41] [42] (4) where Ex represents the excitation and Em represents the emission; F is the abbreviation for fluorescence intensity.
Results
Temperature and Salinity
The lowest temperature appeared at surface in winter (9.70-12.78 • C), as with salinity (24.78-29.34) (Figure 2A ). In spring, the temperature and salinity at the surface were 20. Figure 2C ).
Concentrations of Nutrients
The concentrations of nutrients varied widely in different seasons, which were summarized in Table 1 . It was not difficult to find that the highest and lowest concentrations of nutrients appeared in spring, and the concentrations of nutrients in the surface layer varied much more than that in the bottom layer. 
DOC and Absorption Coefficient
The highest concentration of DOC was found at surface in winter, ranging from 97.42 to 194.67 µmol/L ( Figure 3A ). In spring ( Figure 3B ), the concentrations of DOC decreased significantly at surface (60.11-126 
PARAFAC Components
All of the fluorescent components were identified by the PARAFAC model. As was shown in Table 2 , there were three tryptophan-like components (C1, C2 and C4) which corresponded to peak T [18] and one humic-like component (C3) nearing peak A [17] in winter. In summer, two tryptophanlike components (C1 and C2, peak T), a humic-like component (C3, peak A), and one complex component C4 with two humic-like components (peak A and M [18] ) were detected. Compared to winter, only three fluorescent components were found in spring. C1, C2 and C3 in spring were similar to those in winter. It is worth noting that the C2 in spring also consisted of one humic-like component (peak M). 
Discussion
Seasonal Variations of Temperature and Salinity
Temperature-salinity diagrams in different seasons were used to identify the source of seawater. As was shown in Figure 5A , there was a strong positive correlation between temperature and salinity in winter. However, the measured results in spring and summer were negatively correlated ( Figure 5B,C) . The results implied that three end members including coastal-current water from the Changjiang River (low temperature and low salinity), mixed water in the shelf area (low temperature and low salinity) and the Taiwan Strait water (high temperature and high salinity) might be mixed. Furthermore, coastal-current water in the three sections was dominant because of the prevailing northeast monsoon in winter [49, 50] . In spring and summer, the temperature of coastal-current water, which probably was affected by the warming of the mainland, was higher than that of mixed water in the shelf area, and the temperature of the Taiwan Strait water was relatively low. The correlation was stronger in summer and the vital factor might be the Taiwan Strait water under the influence of strong southwest monsoon [51] . The above hypothesis was consistent with the the previous reported results at this area [49, 50] . The seasonal variations of the correlation between temperature and salinity were similar to that of the Taiwan strait [52] . 
Seasonal Variations of DOC and Absorption Coefficient
The concentrations of DOC (97. .67 µmol/L) in the study area were comparable with those measured in the winter for the ECS (96. 17 [33] ; 95 µmol/L, [36] ). Overall, the DOC concentrations based on our observations in the surface water were higher at the nearshore stations than at the offshore stations. However, additional statistical data are required before this can be confirmed. The various sources with different DOC concentrations were mixed in the study area, and there is a suggestion of invasion of the Changjiang River water masses with high DOC concentrations (average value: 130.66 µmol/L) under the strong northeast monsoon [50, 54] . Besides, the existence of fish farms near the area, DOM desorption [55] could also result in the increase of DOC concentrations. In summer low DOC concentrations (average value: 97.93 µmol/L) might be due to the input of the Taiwan Strait water under the southwest monsoon. The results indicated that DOC in the present study area exhibited a conservative trend, which was consistent with the seasonal variations of temperature and salinity. The distribution of DOC in the ECS was variable with seasons, and the water masses mixing played an important role in controlling DOC distribution.
There was variable seasonal relationship between DOC and CDOM during winter, spring, and summer. In winter, it was not difficult to find that a 280 was correlated positively with the concentrations of DOC (Figure 6A ), which also could be found at the Changjiang River estuary [43] and some other areas [53] , indicating that CDOM was an important component of the DOC, and they probably had some common mechanisms for controlling their distributions. However, the lack of relationship between DOC and a 280 in the spring and summer implied that the CDOM is not a constant component of DOC and could not be the only dominating factor for the variation of DOC (Figure 6B,C) . The primary factor contributing to the fluctuating correlation may be the various sources of DOC. In other words, non-colored dissolved organic matter was a part of the labile DOC and had a vital influence on the distribution of CDOM [56] . The relationship between DOC and a 280 is susceptible to the change of environmental factors. In the summer, the mixing of water masses is obviously different from that in the winter. CDOM might be degraded by photochemical processes and microbial activities resulting in some non-absorbing CDOM under intense light [57] . It can be seen from comparing the a 280 and DOC of different seasons that the Changjiang River waters may be responsible for the increased a 280 and DOC in the winter. 
Analysis of Seasonal Changes in CDOM
EEMs was applied to identify the components and source of DOM. In winter, four individual fluorescent components had been identified in our study area using EEMs combined with PARAFAC (Figures 7 and 8) . C1, C2 and C4 are three tryptophan-like components and were probably of terrestrial origin, and similar components had been found in the Changjiang River estuary [34, 44, [57] [58] [59] . Besides, one humic-like component, C3, was also identified during winter. Obviously, the humic-like component C4, named as peak M according to Coble [18] , existed in summer, and three other components, C1, C2, and C3, were similar to those in winter. The humic-like component C4 (peak M) was related to high biological activity [18] and might represent an increase of seawater input in summer. In spring, besides a tryptophan-like component (C1) and one humic-like component (C3), the component C2 covering the peaks T and peak M was also found at this area. The results suggested that the components of water masses in the study area varied with the changes of seasons, and was consistent with the above idea.
Obviously, the intensities of protein-like components (C1, C2 and C4) were higher in the winter than in the summer in this study area ( Figure 9 ). Terrigenous input might explain the results, since the Changjiang River has a significant influence on the distribution of CDOM in the ECS [59] . In addition, probably due to the heavy wind and the synergistic effects by wind and tide in winter, sediment resuspension and desorption of DOM in this study area are also noteworthy factors. However, photochemical degradation in summer is easy to occur under intense light condition owing to the special photochemical properties of CDOM, and the active organic matter could be utilized by microorganisms [58] . Furthermore, an increase in salinity in this study area could account for the invasion of the Taiwan Strait water with low CDOM in summer. Meanwhile, the strengthening of DOM flocculation and sorption could raise the transparency of seawater. All of these factors probably resulted in the decrease of fluorescence intensity. A similar situation appeared in the North Aegean Sea due to photodegradation and sedimentary processes [60] . Compared to the winter, fluorescence intensity of spring showed a little reduction ( Figure 9B,C) , that may be due to the weak invasion of fresh seawater. Besides this, in winter, most of the values of FI were over 1.9, which showed that the process of microbial metabolism probably was a vital source of CDOM production [42] . However, it had some decreases in the spring and summer, indicating the changes of microbial activities. The BIX values, which were more than 1.0 in these three seasons, corresponded to the source of microbial metabolism [40] . Although the values of HIX had obvious changes in summer, all of them were less than 4.0, which indicated the CDOM might had close association with autochthonous DOM [41] . All of these projections were consistent with the distribution of CDOM fluorescence.
Correlations between Concentration of Nutrients and DOM Parameters
Correlations between nutrient concentrations and fluorescence intensities of DOM components in three seasons were presented in Table 3 . The concentrations of N-(NO 2 − + NO 3 − ) and P-(PO 4 3− ) in the study area were correlated positively with fluorescence intensities of C2, C3 and C4 in all seasons, but correlation between the concentrations of Si-(SiO 3 2− ) and fluorescence intensities only appeared in summer and spring. These results indicated that both nutrients and DOM were covariant spatially and temporally. It is possible that nutrient concentrations could be affected by growth and metabolism of the plankton, and CDOM could be produced and degraded by phytoplankton. The decrease of CDOM fluorescence intensity might be partly due to decreasing the concentrations of nutrients [18, 24] . Therefore, the fluorescence intensity of CDOM could reflect the trend of nutrients to some extent. DOM played important roles in carbon and nutrient cycling. 
Conclusions
EEM spectroscopy was combined with PARAFAC to monitor the characteristics of fluorescent components and source and seasonal variations of CDOM in the study area of East China Sea, off southeast Zhejiang, in winter, spring and summer in 2017. The seawater in this study area probably had three sources: the Changjiang River water, mixed water in the shelf area and the Taiwan Strait water. The seasonal variations of CDOM were greatly influenced by the input of the three end members' mixed water. Besides this, the sediment resuspension and desorption of CDOM in the winter and the photochemical degradation of CDOM in the summer could not be ignored. The highest concentration of DOC appeared in winter and a prominent reduction occurred in spring. The a 280 and intensities of CDOM fluorescence components with the change of seasons were consistent with the variation trend of DOC, but there was no obvious linear relationship among them in spring and summer. The main reason might be that seasonal variations of DOC, a 280 and fluorescent intensities of CDOM were subject to mixing of water, but any factor that influences the three parameters could also weaken their correlation. The relationships between intensities of CDOM fluorescence component and of nutrients concentrations determined during different seasons in the study area could be used to reflect changes of nutrients by using rapid and sensitive fluorescence measurements.
Overall, physical and biochemical factors have an important influence on the carbon cycle at coastal area. The mixture of different water masses could lead to migration of DOM, while microbial activity and intense light could result in the degradation of DOM. All of them could promote carbon cycle. Meanwhile, our results demonstrated that absorption and EEMs might be a useful tool for understanding the dynamics process and biogeochemical cycle of DOM. It is of great significance for maintaining the stability of the regional ecosystem for sustainable development.
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